Electron micrographs of thin sections cut through pellets of human amnion cells fixed with glutaraldehyde followed by osmium, and embedded in epoxy resin. The sections were contrast-stained with uranyl acetate. (A). Detail of nucleus with nuclear membrane above and to the right. Severalimmature virus particles measuring about 9o nm. across can be seen; these are either empty or contain ring-shaped or dense central nucleoids and when appropriately orientated to the plane of section have an hexagonal profile (arrows). (B). Nucleus on the right with nuclear envelope running down the centre of the field. An immature particle is present in the nucleoplasm (arrow) with others in various stages of maturation at the nuclear envelope: (I) An immature particle lies against the inner nuclear membrane and bulges slightly into the perinuclear space. (2) An immature particle is budding through the inner nuclear membrane into the perinuclear space and has become partially surrounded by the membrane on its way through. (3) A late stage of maturation in which an almost mature particle with its extra coat derived from the inner nuclear membrane is still attached by a long pedicle to that membrane. (A). Detail of cytoplasm with portion of nucleus on the left. Immature particles are present (arrows) in the cytoplasmic matrix; at x , an immature particle is undergoing maturation by budding into a cytoplasmic vacuole, acquiring in the process an extra coat from the vacuolar-membrane.
Observations on the Fine Structure and Replication of Varicella Virus in Cultivated Human Amnion Cells
(Accepted 26 April 1968) Serial propagation of varicella virus in tissue culture was accomplished first by Weller (I953) using human embryonic tissue in roller tubes, and later by TaylorRobinson (I959) in stationary cultures of human fibroblasts and human amnion cells. However, the virus showed a strange anomaly in these systems in that serial transfer of the agent could not be achieved with culture fluids but only by means of intact infected cells. The virus was thus avidly cell-associated and its infectivity and stability appeared to be entirely dependent on cell integrity and viability (Gold, 1965) ; celldisruption by any of a variety of procedures resulted in inactivation of the virus. In marked contrast, the virus in human skin vesicles was found to be mostly extracellular since cell-free filtrates of vesicular fluid sometimes had an infective titre almost as high as the unfiltered fluid (Taylor-Robinson, 1959 ).
More recent work has shown that small quantities of infectious virus are present in culture fluids where the virus has been propagated in cultured human thyroid cells and that much larger amounts can be obtained by disintegration of such cultures (Caunt, 1963; Caunt & Taylor-Robinson, I964; Grder, Jeney & G6nczrl, 1964/65) . Infectious virus has also been obtained by disruption of infected human embryonic lung fibroblasts (Brunell, I967). In contrast, despite further efforts it has still not proved possible to demonstrate infective virus in the fluid phase of infected amnion cultures and only very small amounts have been obtained following ultrasonic disruption of such cells (Cannt & Taylor-Robinson, 1964) .
To account for this contrasting behaviour in different situations, it is necessary to postulate that in amnion tissue cultures, because of some biological inadequacy of the cultured cells, maturation of the virus is arrested at some stage, or release of the mature virus into the medium is inhibited; alternatively, mature virus might be unusually labile under these conditions. It seemed worth while therefore to examine infected amnion cells in the electron microscope in an attempt to resolve this problem.
The MARSDEN strain of varicella virus was used. It was obtained from vesicle fluid of a patient suffering from chickenpox by isolation in primary human amnion cells and was passaged in such cells about 35 times before the present experiments. The human amnion cell cultures were prepared by a technique based on that of Lane & Marshall (1957) . Hanks's solution supplemented with 15 % horse serum, 5 % human serum and 0"25 % lactalbumin hydrolysate was used as growth medium. Maintenance medium consisted of synthetic medium 199 + 5 % horse serum. The pH of each medium was adjusted to 7"2 to 7"4 with sodium bicarbonate solution and penicillin 200 units/ ml. and streptomycin 200 #g./ml. were added.
Confluent monolayers of human amnion cells in 4 oz medical fiat bottles were inoculated with the virus-infected amnion harvest from a previously infected 20 oz. bottle. After 3 to 5 days incubation at 37 ° the virus-infected cells were removed when the cytopathic changes involved 25 to 90 % of the cell sheets. The infected cultures were harvested by pipetting and shaking the cells free into a small volume of medium and were then fixed by squirting the cell suspension through a no. I needle into an equal volume of 3 % glutaraldehyde at room temperature. After fixation the cells were washed, post-fixed in Millonig's osmium, pelleted by centrifugation, dehydrated, embedded in epoxy resin, sectioned, contrast stained in the section with uranyl acetate and examined in a Phillips EM 200 electron microscope as described elsewhere (Epstein & Achong, I965) .
Immature particles, surrounded by a single membrane, were found in both the nucleus and cytoplasm of infected cells. They measured about 90 nm. in diameter, often had a hexagonal profile, and were either empty or contained ring-shaped or dense central nucleoids (Pls. I to 3). Maturation occurred by the immature particles budding out through cellular membranes and acquiring an additional coat from the membrane as they passed through. This process of budding took place at the nuclear membrane (P1. I B), into cytoplasmic spaces (P1. z A) and at the plasmalemma, so that mature particles were found within membranes associated with the nuclear envelope (Pls. I B, z B), in cytoplasmic vacuoles (Pls. 2 A, 3 A), and just outside the cell surface (P1. 3 A, B). These mature particles with their additional membrane measured about Izonm. in diameter and contained a central dense nucleoid about 45 nm. across (Pls. I B, 2 B, 3 A, B). Mature particles associated with the perinuclear space often accumulated in striking aggregations within pockets of the nuclear envelope (P1. z B). In the cytoplasm, mature particles were observed either singly in small membrane-bounded spaces (P1. z A) or in groups lying within larger vacuoles (PI. 3 A) into which microvilli often projected.
The most striking and unexpected finding, however, was the presence of large numbers of extracellular mature particles closely packed along the outer surface of the plasmalemma (P1. 3 A, B).
These observations clearly invalidate most of the hypotheses proposed so far to explain the peculiar behaviour of varicella virus in amnion tissue culture. Nonproduction, or low production, of virus cannot be invoked to account for the absence of infectivity in culture fluids since most of the ceils have been found to replicate large numbers of virus particles. Similarly, the explanation does not lie in a failure of virus maturation; budding by the same mechanism as has been worked out for a structurally related herpes-group virus (Epstein, I962; Epstein & Holt, I963) was readily seen in the infected cells and mature particles were present throughout the cultures in profusion. Again, the enormous quantities of extracellular mature particles exclude the possibility of an inhibition of release being responsible for the lack of extracellular infectivity. The particles, both immature and mature, appeared morphologically complete and without obvious structural abnormality to account for their lack of activity.
The only remaining hypothesis is that virus particles of normal appearance, which are functionally deficient, unstable or readily susceptible to inactivation, are produced as a result of some particularity of the biosynthetic capacity of cultured amnion cells or of the enveloping outer viral membrane which is derived from the amnion host cell.
The agent of the Marek type of chicken lymphomatosis appears to be a member of the herpes group (Churchill & Biggs, I967) and behaves in a very similar way to varicelia virus when grown in cultured amnion ceils. Although a highly contagious disease, experimental infectivity is strictly cell-associated. There is no infectivity in fluids from
